Introduction
Chitosan is a structural component of fungi and insects that is comprised of a β-1,4-D-glucosamine polymer, it is basically derived from alkaline N-deacetylation chitin (1). Today, chitosan is a well-known cationic polysaccharide [polyglucosamine, (GlcN) n ] yielded commercially from the crabs and shrimp shells. Chitosan does not show its solubility in the most solvents, with the exemption of organic acids. This material can be degraded utilizing enzymatic and chemical methods to oligomers; some wellknown methods include acid hydrolysis or hot hydrochloric acid treatment (2,3). It is less toxic, biocompatible and biodecomposable material that affects a wide range of microfauna including algae, fungi and bacteria and displays great therapeutic benefits (4,5). Furthermore, some clinical studies also have shown the antibacterial properties of chitosan decrease conferring to the augmenting of chitosan molecular weight (6). The chitosan is well known to have innumerable activities; nevertheless, due to its low solubility, it becomes difficult to make use of it into practical applications. As chitosan is unsolvable, it helps in the development of water resolvable chitosan derivatives (7). Conversely, due to the high molecular weight of chitosan, it shows significant biological properties as well (8) it has significant use in the deacetylation of chitin, a chief constituent of the shells of crustacean including crab, shrimp, and crawfish. It has established considerable interest due to its trade applications in biomedical, food, and chemical engineering productions (9-11). Meanwhile, several enzymatic and chemical methods for degrading chitosan were performed to make the chitosan hydrolysates suitable for medical use. Also, studies concerning the biological activities of chitosan such as antibacterial and antioxidant activities have widely been implemented consuming high molecular weight chitosan.
As described above, chitosan or its hydrolysates is a nontoxic, biocompatible and biodegradable substance that displays therapeutic properties including antitumor activity and wound healing for some biomedical applications. According to the previous studies, antioxidant properties of chitosan hydrolysates have been studied (10). Antioxidant activity is one of the well-known functionalities of chitosan. Many studies have shown that chitosan inhibit the reactive oxygen species (ROS) and prevent the lipid oxidation in food and biological systems. Several mechanisms about the antioxidant action of chitosan have been proposed (11). Chitosan can scavenge free radicals or chelate metal ions from the donation of a hydrogen or the lone pairs of electrons (12).The interaction of chitosan with metal ions could involve several complex actions including adsorption, ion-exchange, and chelation. Also, molecular weight (MW) of chitosan, as well as the amount of amine groups (degree of deacetylation or DDA) on the chain, has a major influence on its biological and physicochemical properties. As earlier studies demonstrated, structures and properties of the final polymer particles are variety due to the degradation of chitosan molecules and depend on their molecular weight (13).
So far, various studies have been commenced to identify the physico-chemical characteristics of chitosan for enhanced biological activities. As early studies demonstrated, chemically-modified chitosans have shown much higher antifungal activity as compared to its native chitosan. Although chemical modification of chitosan increases the components in chitosan structure, it may lead to decreased biodegradability and increased toxicity. In this regard, chitosan based nanoparticles are preferably used as a carrier matrix for drugs owing to their biodegradability, nontoxicity to human, and cost effectiveness, due to altered physico-chemical characteristics like size, surface area, active functional groups, cationic nature etc. Hence, in the present study, a preliminary investigation has been performed to assess the effect of free radical on chitosan degradation and self-grafting for copolymerization. Therefore, it is also beneficially favorable to study the degradation behavior of chitosan by persulfate-induced free radical using potassium persulfate (KPS) or ammonium persulfate (APS) from this aspect. Because high molecular weight chitosan can be degraded by radical-induced depolymerization at over 60 o C, leading to extensive self-grafting copolymerization of the fragmented chains by cooling at lower than 4 o C. The objective of this research was to investigate the new method for the characterization of chitosan hydrolysates derived from the hydrolysis of high molecular weight chitosan (HMWC).
Material and Methods

Materials
High molecular weight chitosan (HMWC) was purchased from Sigma Chemical Co. (St. Louis, MO, USA) and alternatively was purchased from YB-Bio, Youngduk, Korea (approximately 200 kDa, 95% degree of N-deacetylation). Ammonium persulfate (APS), sodium hydroxide and ethanol used in preparing chitosan hydrolysates and microparticles were purchased from Junsei Chemical Co. (Tokyo, Japan). For the antioxidant activity assay, DPPH, ABTS, TPTZ, ferric chloride, pNP-glucoside, potassium persulfate, sodium hydroxide and L-ascorbic acid used as a positive antioxidant were purchased from Sigma Chemical Co. (St. Louis, MO, USA). All other reagents were used of the highest grade available.
Preparation of chitosan hydrolysates
To make HMWC solution, 1 g of HMWC was dissolved in 50 mL of 2% acetic acid to make a stock solution with the help of a mixer. 1 mL of APS (10%) was added and placed in a microwave extraction apparatus (MAS-II Plus), which was purchased from Shanghai Sineo Microwave Chemistry Technology Co. Ltd. (China). One set of samples was kept at room temperature. Moreover, Different microwave power and time were used to establish the optimal conditions (250 Watt, at 90 o C). After this process, we collected samples at a different time, and centrifuge samples at 13,000 rpm for 5 min, and the supernatants from each sample were collected and further precipitated by 100% ethanol. All samples were collected by centrifugation and rinsed with ethanol (2 or 3 times) as shown in Fig. 1 and dissolved with 1% acetic acid for further experiments.
Scanning Electron Microscope analysis
To observe the morphological differences, self-assembled chitosan was subjected to the SEM (JEOL, JSM-7500F), and monitored under the conditions; Resolution: 1.0 nm (15 kV), 1.4 nm (1 kV), Accelerating Voltage: 0.5~30 kV, and Magnification: ×10,000.
Biochemical properties of chitosan hydrolysates
Phenol-sulphuric assay -To quantify total carbohydrate content in a sample, 200 μL of sample was mixted in 1:1 ratio (v/v) with the phenol-sulphuric solution consisting of phenol (80%) and additional 1 mL of sulphuric acid was added, following the study with minor modification (14). 10 mM glucosamine solution was used as the standard material in a serial dilution. Samples were then cooled at room temperature for 20 min. The absorbance at 490 nm was measured using UV spectrophotometer (Infinite M200 Pro Nano-quant, TECAN, and Austria) and calculated the concentration of total carbohydrate in the samples with triplicate tests.
Reducing sugar contents -PHABAH (4-Hydroxybenxhydrazid) solution (0.025g PHABAH powder in 10 mL of 0.5 M NaOH) was prepared and used to quantify the concentration of reducing sugars in the testing samples. The prepared solution was mixed with sample in 1:2 (Samples: PHABAH) ratio and resulted mixture was then heated at 95°C for 5 min. After cooling at room temperature, sample mixture was then centrifuged at 13,000 rpm for 3 min to remove the insoluble materials, as described in the previous study (15). The absorbance was measured at 405 nm using UV-spectrophotometer (Infinite M200 Pro Nano-quant, TECAN, and Austria) and the exact concentration of reducing sugar was determined after normalizing with the control tested under the same condition. Each sample contained three replicates and all experiments performed in this study were repeated at least three times.
